Restriction, methylation and ligation of 5-hydroxymethyluracil-containing DNA.
Oxidation of DNA and its components can cause genetic mutations and chromosomal instability. These changes have generally been implicated in aging. Oxidation of the methyl group of thymidine residues in DNA is known to result in the formation 5-hydroxymethyl-2'-deoxyuridine (5HmdUrd). We have utilized Bacillus subtilis phage SPO1 DNA as a model of oxidatively damaged DNA. In this phage, all thymine (Thy) residues are replaced by 5-hydroxymethyluracil (5HmUra), but the species is naturally devoid of other oxidatively-induced DNA lesions. Particular attention was paid to the behavior of 5HmUra-containing DNA as a target for several enzymes employing DNA as substrate; restriction endonucleases, dam DNA methylase and T4 DNA ligase. We noticed that susceptibility of SPO1 DNA varied when different restriction endonucleases having 5HmUra in the restriction sites were tested. Endonucleolytic cleavage brought about Sau3A proceeded as effectively with SPO1 DNA as with conventional DNA (lambda phage). The same was true when the ligation of Sau3A sites was performed with T4 DNA ligase. In contrast, both endonucleolytic cleavage and ligation were slower in SPO1 DNA, compared with lambda phage, when Taq I and T4 DNA ligase were used for restriction and ligation, respectively. We also noticed that SPO1 phage does not naturally contain N6-methyladenine (N6MeAde) opposite 5HmUra, i.e., no hydrolysis of SPO1 DNA was observed when assessed with methylation-dependent restriction endonuclease DpnI. Our results show that the presence of 5HmUra in the respective site of DNA does not, per se, prevent the activity of restriction endonucleases, ligases or DNA methylases. These data support the view that oxidation of Thy to 5HmUra in target DNA does not necessarily result in substantial deterioration in the functions of DNA processing enzymes.